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(54) Pressure swirl injector with angled cone spray for fuel injection 

(57) A fuel injector has a swirl plate (48) about a 
valve assembly, including a valve seat (34) with an ori- 
fice (32) and a valve pin (20). When the valve is opened, 
the fuel is swirled by the swirl plate for passage through 
the orifice. The orifice has a portion which is angled rel- 
ative to the axis of the injector to provide a conical swirl- 
ing spray pattern (68) having a conical spray axis (66) 
angularly related to the axis (64) of the injector. In 
another form, the orifice is on-axis with the injector and 
receives a bent tube (72) having an upstream on-axis 
portion and a downstream angled portion to direct the 
swirling conical spray at an included obtuse angle rela- 
tive to the axis of the injector. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to injectors for 
injecting fuel into an internal combustion engine and 
particularly relates to a pressure swirl-type injector for 
ejecting fuel in a swirling conical spray pattern with an 
axis offset or angled relative to the axis of the fuel injec- 
tor for flowing the swirling conical spray pattern in a 
desired direction. 

BACKGROUND 

[0002] Fuel injectors in general have long been used 
for injecting fuel into an internal combustion engine. 
Such fuel injectors typically include an elongated body 
having an armature carrying a valve and a needle or pin 
which, under the bias of a spring, normally closes an 
orifice through a seat at one end of the injector. By peri- 
odically pulsing a coil within the injector body, the valve 
is periodically opened and closed to supply fuel through 
the orifice to the engine cylinder. Typically, the spray 
pattern flowing from the injector is in a swirling conical 
shape. It is quantitatively dominated by an outer conical 
wall of spray, with substantially smaller quantities of the 
-fuel from the injector flowing interiorly within the coni- 
cally-shaped spray. The axis of the conical spray pattern 
is generally directed to an optimal part of the engine or 
•fuel injection system and the injector is normally ori- 
ented so that the injector axis and the conical spray pat- 
tern axis are coincident with one another. 
[0003] In certain engines, however, constraints 
imposed on the mounting of the injectors have indicated 
a need for directing the conical spray to the optimum 
part of the engine or fuel injection system, while simul- 
taneously mounting the injector at a location and in a 
position wherein the axis of the injector does not coin- 
cide with the axis of the conical spray pattern. Conse- 
quently, a problem arises as to how to simultaneously 
direct a swirling conical spray pattern to the optimal part 
of the engine or fuel injection system while enabling the 
injector to be mounted at an angle offset from the axis of 
the conical spray pattern. 

[0004] One effort to direct a conical spray pattern hav- 
ing a swirl associated with the pattern is disclosed in an 
article appearing in SAE Publication 970540, titled 
"Development of Direct Injection Gasoline Engine." The 
injector disclosed in that article, has what appears to be 
a spray pattern inclined at an angle from the axis of the 
injector, an upstream swirler and a downstream orifice 
apparently angled off the longitudinal axis of the injec- 
tor. However, an intermediate chamber or pocket lies 
between the swirler and the angled orifice of that injec- 
tor and which chamber is enlarged relative to the orifice. 
The pocket, however, diminishes the swirl pattern to 
such an extent that when the fuel leaves the injector 
such fuel is not significantly swirling. That is, the swirl 



pattern effected by the swirler upstream of the valve 
seat is substantially diminished as the fuel leaves the 
valve seat and enters and exits the pocket. Because of 
the many angled surfaces defining the pocket, it detri- 
5 mentally diminishes the effect of the swirl pattern 
imparted upstream of the pocket by the swirler to the 
extent that the conical spray emitted from the injector 
has very little, if any, swirl effect. 

w DISCLOSURE OF THE INVENTION 

[0005] According to the present invention, there is pro- 
vided an injector having an orifice configured and 
arranged downstream of a swirler to effect a robust con- 

15 ical swirl pattern of the fuel ejected under pressure by 
the injector and at a conical spray angle angularly 
related to the axis of the injector such that the conical 
swirling spray pattern can be directed to the optimal part 
of the engine or fuel injection system notwithstanding 

20 the mounting of the injector at an orientation other than 
directed axially toward such optimal location. To accom- 
plish this, the present invention provides an injector hav- 
ing an injector body with an end plate having an 
upstream frustoconical surface communicating 

25 upstream with a swirler to effect a swirl pattern in the 
fuel and an orifice downstream of the surface and which 
orifice has at least a flow passage portion angularly 
related to the axis of the injector. 
[0006] In one principal form of the present invention, 

30 the orifice through the end plate can be angled relative 
to the axis of the injector to form an included obtuse 
angle. Thus, the swirl imparted to the fuel by the swirler 
flows smoothly about the frustoconical surface of the 
valve seat and effects a smooth transition to the orifice 

35 without flowing around sharp corners or into an 
enlarged volume or pocket. Consequently, the swirling 
pattern is maintained upon transitioning from the frusto- 
conical surface into the angled opening and outwardly 
thereof to form the swirling conical spray pattern. It is 

40 believed that the smooth transitioning of the swirling fuel 
from the swirler to the outlet of the orifice without sub- 
stantial flow turbulence, e.g., caused by sharp angles or 
turns, maintains the effectiveness of the swirler as the 
fuel is ejected from the injector in the conical swirl spray 

45 pattern. 

[0007] In another form of the present invention, the 
orifice includes an opening downstream of the frusto- 
conical surface and which opening lies on axis with the 
longitudinal axis of the injector. A tube is carried by the 

so end plate and lies in communication with the opening. 
The tube can be directly angularly offset from the axis of 
the opening or, alternatively, the tube may have a first 
upstream portion coincident with the axis of the opening 
and a second downstream portion angled relative to the 

55 axis of the opening. Thus, the fuel passing through the 
opening in a swirling pattern continues that pattern as it 
passes through the tube and changes its angle relative 
to the longitudinal axis of the injector thereby producing 
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an off-axis swirling conical spray pattern. 
[0008] In a preferred embodiment according to the 
present invention, there is provided an injector for inject- 
ing fuel into an internal combustion engine, comprising 
an injector body having an orifice and a longitudinal 
axis, a valve carried by the body and movable between 
open and closed positions for periodically flowing fuel 
through the orifice into the engine, a swirler upstream of 
the orifice for swirling the fuel flowing through the orifice 
when the valve lies in an open position, at least a por- 
tion of the orifice being configured to flow the fuel down- 
stream thereof in a conical swirl pattern having a flow 
axis angularly related to the longitudinal axis. 
[0009] In a further preferred embodiment according to 
the present invention, there is provided an injector for 
injecting fuel into an internal combustion engine, com- 
prising an injector body having an orifice and a longitu- 
dinal axis, a valve carried by the body and movable 
between open and closed positions for periodically flow- 
ing fuel through the orifice into the engine, a swirler 
upstream of the orifice for swirling the fuel flowing 
through the onftce when the valve lies in an open posi- 
tion, at least a portion of the orifice having an axis form- 
ing an included obtuse angle less than 180° with the 
longitudinal axis and an outlet for flowing fuel from the 
injector in a conical swirl pattern having an axis angu- 
larly related to the axis of the orifice portion. 
[001 0] Accordingl y it is a primary object of the present 
invention to provide a novel and improved fuel injector 
for directing a conical swirling spray pattern of fuel to an 
optimum location within the engine or fuel injection sys- 
tem and off-axis of the injector. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] 

FIGURE 1 is a longitudinal cross-sectional view of a 
conventional injector; 

FIGURE 2 is an enlarged cross-sectional view of 
the tip of an injector containing the swirler and ori- 
fice for forming a conical swirling spray pattern hav- 
ing an axis angularly related to the axis of the 
injector according to the present invention and 
taken about on line 2-2 of Figure 3; 

FIGURE 3 is a cross-sectional view thereof taken 
generally about on line 3-3 in Figure 2; and 

FIGURES 4, 5 and 6 disclose various forms an 
injector constructed in accordance with the present 
invention having a bent tube for effecting the angled 
swirling conical spray pattern. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0012] Referring now to the drawings, particularly to 



Figure 1 , there is illustrated a fuel injector for flowing fuel 
into an internal combustion engine. The fuel injector, 
generally designated 1 0, includes an injector body 12, a 
central axial passageway 14 for receiving fuel under 

5 pressure from an inlet 16 at one end of the injector and 
a valve assembly at its opposite end including an end 
plate 18 and a valve pin or needle 20. Pin 20 is periodi- 
cally displaced between open and closed positions with 
respect to the valve seat and an orifice 19 forming part 

10 of the end plate 18. The body 12 includes windings 22, 
an electrical connection 24 for the windings and an 
armature 26 coupled to the pin or needle 20 whereby, 
upon receiving pulsed electrical signals, the armature 
causes the pin or needle to periodically open and close 

75 the valve enabling fuel to periodically flow through ori- 
fice 19. The foregoing is conventional injector construc- 
tion. 

[0013] A preferred form of the present invention is 
illustrated in Figures 2-6 and includes at the lower end 

20 of the valve body 12 an end plate 30 secured to the 
body 1 2. End plate 30 includes an orifice 32 and a frus- 
toconical surface 34 upstream of orifice 32 forming a 
seat for the lower end of the valve pin or needle 20. The 
lower end of the body 12 includes a cavity 36 in which is 

25 disposed a disk 38 having an axially turned flange 40. 
Disk 38 has a plurality of holes 42 extending between its 
opposite sides and arranged about a central axis of the 
disk 38. Disk 38 also includes a central opening 44 
through which passes the tip of the pin or needle 20. 

30 [0014] Between the disk 38 and the end plate 30, 
there is provided a swirler disk 48. The swirler disk 
includes a plurality of openings 50 which, in assembly at 
the tip of the injector, lie in registry with the openings 42 
through disk 38. Additionally, the swirler plate 48 

35 includes passages 52 extending from each of the open- 
ings 50 in a tangential direction relative to pin 20 and 
defining discrete passageways for communicating fuel 
between the openings 50 and an annular chamber 56 
about the pin or needle 20 when the latter is seated 

40 against seat 34. It will be appreciated that fuel flows 
under pressure about the pin 20 in an annular passage 
60 toward the chamber 36. The fuel also flows through 
the registering openings 42 and 50 of the disk 38 and 
swirler plate 48, respectively, and into the passages 52 

45 and the annular chamber 56 about pin or needle 20. 
When the pin or needle is in the closed position, as illus- 
trated in Figure 2, the fuel cannot pass from the injector 
through the orifice 32. 

[0015] Upon opening the valve, i.e., spacing the pin or 
so needle 20 from the seat 34, fuel passes under pressure 
through the passageways 52 which impart a swirling 
motion to the fuel flow through the tip of the injector. The 
swirling fuel then passes between the needle or pin 20 
and about the frustoconical valve seat 34 into the orifice 
55 32. Typically, orifice 32 lies coincident with the longitudi- 
nal axis 64 of the injector. In accordance with the 
present invention, however, the orrfice 32 has a flow 
passage therethrough having a central axis forming an 
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included obtuse angle of less than 180° with the axis 64 
of the injector. Thus, the axis 66 of the orifice 32 also 
forms the axis of a swirling conical spray pattern, gener- 
ally designated 68, emerging from the orifice 32. The 
conical spray pattern is characterized by a conical sheet 
of swirling fuel about the axis 66 with substantially only 
a minor quantity of fuel within the conical sheet of the 
conical spray pattern. The swirling effect is not signifi- 
cantly diminished by the structure set forth in Figures 2 
and 3 because there are smooth transition areas 
between the swirler plate which generates the swirling 
flow pattern and the angled orifice 32. Thus, as illus- 
trated in Figure 2, there is a very shallow angle at the lip 
of the frustoconical surface 34 which serves to smoothly 
transition the generally radially swirling fuel into a gener- 
ally shallow conical swirl pattern about seat 34. The 
swirling fuel then, under pressure, passes through the 
orifice 32, continuing the swirling pattern. While the 
angle on one side of the orifice 32 is large, i.e., the left 
side of orifice 32 in Figure 2, the angle on the opposite 
side remains very shallow. Of course, angles about ori- 
fice 32 vary between the two large and shallow angles. 
However, it is believed that the large angle does not del- 
etertously affect the swirl pattern of the fuel flow 
because the average angle is shallow and affords a 
smooth flow transition which maintains the swirl flow. 
[0016] Referring now to Figure 4, a particularly effec- 
tive structure for affording an angular conical swirling 
spray pattern is illustrated. The orifice through the end 
plate includes an opening 70 and a tube 72 connected 
to the end plate 30a. For example, the opening 70 is on- 
axis with the longitudinal axis 64 of the injector. The 
tube 72 has a through flow passage having an upstream 
portion 74 with an axis generally coincident with the lon- 
gitudinal axis of the injector. Tube 72 also includes a 
downstream portion 76 having an axis in its flow pas- 
sage angularly related to the axis of the upstream por- 
tion and the axis of the injector. The tube 72 is 
essentially bent to form the angled conical swirling 
spray pattern. Importantly, the interior surfaces of the 
tube are rounded and form smooth transitions between 
on-axis and angularly related flows such that the swirl- 
ing action of the fuel passing through the orifice is not 
substantially diminished as the angle of the flow 
changes. The orifice 70 may be counterbored at 78 and 
the tube 72 welded to the end plate 30a in the counter- 
bore. Counterboring the end plate facilitates a smooth 
transition at the interface between the end of the tube 
72 and the walls of the orifice 70. 
[0017] Referring to Figure 5, wherein like reference 
numerals apply to like parts as in the prior embodi- 
ments, followed by the suffix "b, M the end plate 30b sim- 
ilarly includes an opening 70b on-axis with the axis of 
the injector. Also, a tube 72b is secured to the end plate 
30b in a counterbore 78b. The tube 72b has upstream 
and downstream portions 74b and 76b lying on-axis 
and angularly related, respectively, to the axis of the 
injector. A cap 80, preferably formed of powdered metal. 



may be formed on the end face of the end plate 30b 
about tube 72b. The end face of the cap 80 may be 
angled to correspond to the angle of the exit opening of 
the tube 72b. In this manner, the projecting tube is well 

5 protected by cap 80. 

[0018] Referring now to Figure 6, wherein like refer- 
ence numerals apply to like parts as in the prior embod- 
iments, followed by the suffix "c," the end plate, not 
shown in Figure 6, may be formed similarly as in the 

io prior embodiments of Figures 4 and 5. In this form, how- 
ever, the cap 80c may have an on-axis opening 82 for 
receiving the upstream portion 74c of the tube 72c, 
together with an off-axis recess or counterbore 84 
formed in the cap opening through its lower end. By 

is inserting the bent tube 72c in the opening 82 and secur- 
ing it to the end plate, not shown in this drawing figure, 
the lower downstream portion 76c of the tube extends 
wholly through the recess 84. The recess may be filled 
with weld material, for example, by silver welding, 

20 affording a protective cover for the tube 72c. 

[001 9] In all of these embodiments, it will be appreci- 
ated that the swirl pattern afforded by the swirl plate car- 
ries through the frustoconical seat when the valve is 
open, as well as through the orifice in all of its various 

25 forms including the bent tubes. This is a result of 
smooth transitions made between a tangentially flowing 
fuel which ultimately continues its swirl pattern, 
advances axially and then is turned in an angular direc- 
tion. The lack of sharp corners and protuberances 

30 avoids flow turbulence and the smooth transition sur- 
faces afford a continuation of the strong swirl effected by 
the swirl plate as the fuel passes through the open 
valve. 

[0020] While the invention has been described in con- 
35 nection with what is presently considered to be the most 
practical and preferred embodiment, it is to be under- 
stood that the invention is not to be limited to the dis- 
closed embodiment, but on the contrary, is intended to 
cover various modifications and equivalent arrange- 
40 ments included within the spirit and scope of the 
appended claims. 

Claims 

45 1 . An injector for injecting fuel into an internal combus- 
tion engine, comprising: 

an injector body having an orifice and a longitu- 
dinal axis; a valve carried by said body and 
so movable between open and closed positions 

for periodically flowing fuel through said orifice 
into the engine; 

a swirler upstream of said orifice for swirling the 
55 fuel flowing through said orifice when said 

valve lies in an open position; 

at least a portion of said orifice being config- 
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ured to flow the fuel downstream thereof in a 
conical swirl pattern having a flow axis angu- 
larly related to said longitudinal axis. 

2. An injector according to Claim 1 wherein said longi- 5 
tudinal axis coincides with a centerline of the injec- 
tor and the angularly related flow axis forms an 
included obtuse angle with the centerline longitudi- 
nal axis. 

10 

3. An injector according to Claim 1 wherein said ori- 
fice is defined in part by a shallow, frustoconical 
surface downstream of said swirler affording a gen- 
erally smooth transition for the swirling fuel flow 
from the swirler and through downstream portions is 
of the orifice. 

4. An injector according to Claim 3 wherein said injec- 
tor includes an end plate having an opening forming 
part of said orifice, said opening having an axis 20 
angularly related to the longitudinal axis of the 
injector whereby the conical spray pattern has an 
axis generally coincident with the axis of said open- 
ing. 

25 

5. An injector according to Claim 1 wherein said injec- 
tor includes an end plate having an opening there- 
through forming part of said orifice, said opening 
having an axis generally coincident with the longitu- 
dinal axis of said injector, a tube connected to said 30 
end plate and having a flow passage in communi- 
cation with said opening, said flow passage having 

an axis angularly related to the longitudinal axis of 
said injector whereby the fuel flows outwardly of the 
tube in a conical swirl spray pattern having an axis 35 
generally coincident with the axis of the flow pas- 
sage through said tube. 

6. An injector according to Claim 5 wherein the open- 
ing through said end plate has a counterbore about 40 
an exterior face of said end plate, one end of said 
tube being received in said counterbore, and 
means for coupling said tube and said end plate to 
one another. 

45 

7. An injector according to Claim 5 wherein said tube 
has a first portion having a flow axis generally coin- 
cident with the axis of said opening and a second 
portion having said angular flow axis further angu- 
larly related to the flow axis of said first portion. so 

8. An injector according to Claim 1 wherein said injec- 
tor includes an end plate having an opening there- 
through, a tube connected to said end plate and 
having an upstream portion thereof secured to said 55 
end plate and in said opening, said upstream por- 
tion having a flow passage therethrough with an 
axis generally coincident with the longitudinal axis 



of said injector, said tube having a portion down- 
stream of said upstream portion and having a flow 
passage with an axis angularly related to said 
upstream flow passage axis for flowing fuel out- 
wardly of said tube in a conical spray pattern having 
an axis generally coincident with the axis said 
downstream portion. 

9. An injector according to Claim 8 wherein said end 
plate has a recess downstream of said opening and 
within which recess said downstream tubular por- 
tion passes, material disposed in said recess about 
said downstream tubular portion for securing the 
tube and end plate to one another. 

10. An injector for injecting fuel into an internal combus- 
tion engine, comprising: 

an injector body having an orifice and a longitu- 
dinal axis; 

a valve carried by said body and movable 
between open and closed positions for periodi- 
cally flowing fuel through said orifice into the 
engine; 

a swirler upstream of said orifice for swirling the 
fuel flowing through said orifice when said 
valve lies in an open position, at least a portion 
of said orifice having an axis forming an 
included obtuse angle less than 180° with said 
longitudinal axis and an outlet for flowing fuel 
from said injector in a conical swirl pattern hav- 
ing an axis angularly related to the axis of said 
orifice portion. 

11. An injector according to Claim 10 wherein said ori- 
fice is defined in part by a shallow, frustoconical 
surface downstream of said swirler affording a gen- 
erally smooth transition for the swirling fuel flow 
from the swirler and through downstream portions 
of the orifice. 

12. An injector according to Claim 10 wherein said 
injector includes an end plate having an opening 
forming part of said orifice, said opening having an 
axis angularly related to the longitudinal axis of the 
injector whereby the conical spray pattern has an 
axis generally coincident with the axis of said open- 
ing. 

13. An injector according to Claim 10 wherein said 
injector includes an end plate having an opening 
therethrough forming part of said orifice, said open- 
ing having an axis generally coincident with the lon- 
gitudinal axis of said injector, a tube connected to 
said end plate and having a flow passage in com- 
munication with said opening, said flow passage 
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having an axis angularly related to the longitudinal 
axis of said injector whereby the fuel flows out- 
wardly of the tube in a conical swirl spray pattern 
having an axis generally coincident with the axis of 
the flow passage through said tube. 5 

14. An injector according to Claim 13 wherein the open- 
ing through said end plate has a counterbore about 
an exterior face of said end plate, one end of said 

. tube being received in said counterbore, and io 
means for coupling said tube and said end plate to 
one another. 

15. An injector according to Claim 13 wherein said tube 
has a first portion having a flow axis generally coin- is 
cident with the axis of said opening and a second 
portion having said angular flow axis further angu- 
larly related to the flow axis of said first portion. 

16. An injector according to Claim 10 wherein said 20 
injector includes an end plate having an opening 
therethrough, a tube connected to said end plate 
and having an upstream portion thereof secured to 
said end plate and m sad opening, said upstream 
portion having a flow passage therethrough with an 25 
axis generally coincident with the longitudinal axis 

of said injector, said tube having a portion down- 
stream of said upstream portion and having a flow 
passage with an axis angularly related to said 
upstream flow passage axis for flowing fuel out- 30 
wardly of said tube in a conical spray pattern having 
an axis generally coincident with the axis said 
downstream portion. 
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